To assess feasibility, risks, and patient outcomes in the treatment of colorectal metastases with two-stage hepatectomy.
Objective
To assess feasibility, risks, and patient outcomes in the treatment of colorectal metastases with two-stage hepatectomy.
Summary Background Data
Some patients with multiple hepatic colorectal metastases are not candidates for a complete resection by a single hepatectomy, even when downstaged by chemotherapy, after portal embolization, or combined with a locally destructive technique. In two-stage hepatectomy, the highest possible number of tumors is resected in a first, noncurative intervention, and the remaining tumors are resected after a period of liver regeneration. In selected patients with irresectable multiple metastases not amenable to a single hepatectomy procedure, two-stage hepatectomy might offer a chance of long-term remission.
Methods
Of consecutive patients with conventionally irresectable colorectal metastases treated by chemotherapy, 16 of 398 (4%) became eligible for curative two-stage hepatectomy combined with chemotherapy and adjuvant nonsurgical interventions as indicated.
Results
Two-stage hepatectomy was feasible in 13 of 16 patients (81%). There were no surgical deaths. The postoperative death rate (2 months or less) was 0% for the first-stage procedure and 15% for the second-stage one. Postoperative complication rates were 31% and 45%, respectively, with only one complication leading to reoperation. The 3-year survival rate was 35%, with four patients (31%) disease-free at 7, 22, 36, and 54 months. Median survival was 31 months from the second hepatectomy and 44 months from the diagnosis of metastases.
Conclusions
Two-stage hepatectomy combined with chemotherapy may allow a long-term remission in selected patients with irresectable multiple metastases and increases the proportion of patients with resectable disease.
Liver resection is the only treatment known to provide long-term survival and the possibility of cure in patients with liver metastases. [1] [2] [3] [4] [5] [6] However, at the time of diagnosis, most patients have irresectable tumors. Systemic chemotherapy, the current standard treatment, offers these patients a limited benefit, with median survivals not exceeding 12 to 18 months. [7] [8] [9] [10] We combine chemotherapy with other therapeutic modalities and offer resection to patients who respond in such a way that surgery again becomes an option.
In patients whose initially irresectable metastases are downstaged by neoadjuvant chemotherapy, one-stage resection provides a survival rate similar to that of patients undergoing primary resection. 11 We have also shown that cryosurgery and portal embolization can increase the resectability rate in patients with colorectal metastases. 12, 13 In patients with intrahepatic multinodular diffusion of tumor, however, even with these techniques, it is not always possible to perform a resection that would be curative. An incomplete resection is not indicated because there is no significant survival benefit compared with patients who do not undergo surgery. 14 We proposed to modify this practice by using a strategy whose overall intention is curative, but in which the initial stage of the hepatic resection is intended to remove the highest possible number of metastases, but not all of them.
The remnant liver hypertrophies and systemic chemotherapy limits the growth and spread of the remaining tumor deposits. The second hepatectomy is performed only if it is potentially curative, in the absence of significant tumor progression, and when adequate parenchymal hypertrophy has reduced the risk of postoperative liver failure. This approach has been mentioned in a previous publication on resection of primarily irresectable disease. 11 Here we report the specific results of two-stage hepatectomy in terms of feasibility, risks, and patient outcome.
METHODS

Study Population
From October 1992 to July 1999, 634 patients were referred to our hospital with liver metastases from colorectal cancer. Of these, 236 (37%) underwent resection. The 398 patients (63%) with irresectable disease were treated by chemotherapy, after which 105 (26%) underwent a potentially curative liver resection. The initial causes of irresectability were multinodular intrahepatic tumor spread (n ϭ 59), unfavorable location (n ϭ 15), size (n ϭ 4), or concomitant extrahepatic metastases (n ϭ 27).
Of the patients with multinodular tumors, 16 (27%) had either a partial response to chemotherapy (tumor size reduction Ͼ50% of the sum of the perpendicular diameters) or tumor stabilization (decrease Ͻ50% or increase Ͻ25% in tumor size) 15 but had contraindications to one-stage hepatectomy. These included the following: the intrahepatic diffusion of the tumor prevented removal of all tumor tissue by a single resection, even after portal embolization used when the remnant functional parenchyma was less than 40%, and ineligibility for local tumor destruction by cryosurgery or radiofrequency thermal destruction (fewer than three tumors, Ͻ3 cm, in the remnant liver). These patients gave informed consent to a planned strategy of two-stage (sequential) hepatectomy. After the initial hepatectomy, and despite chemotherapy, three patients could not undergo the second hepatectomy. The 13 patients completing both stages form the study population. Patients who underwent an unplanned repeat resection for hepatic recurrence after a first hepatectomy were not included.
Patient Characteristics
The median age of the six men and seven women at the time of the first hepatectomy was 56 years (range 45-68). The original primary tumors were colon (n ϭ 9) and rectum (n ϭ 4), and 10 of 13 were Dukes C. Tumor characteristics, timing of hepatectomy stages, and patient outcomes are shown in Table 1 . All patients had bilobar involvement. The median number of tumors was 7 (range 3-12) and the median diameter was 37 mm (range 9 -80) (Fig. 1) . Before the first-stage hepatectomy, 12 patients received systemic chemotherapy, usually a combination of 5-fluorouracil, folinic acid, and either oxaliplatin or irinotecan, to control the disease. Six patients had previously received one or two previous treatments with other types of chemotherapy. Chronomodulated regimens were used in 9 of the 12 patients. The median duration of treatment was 9 months (range 4 -18) and the median number of courses was 11 (range 4 -18). A partial response was seen in six patients, stable disease in seven. In one patient with synchronous bilateral metastases and a partial response to chemotherapy, colectomy for the primary tumor was performed at the same time as the first hepatectomy.
Two-Stage Hepatectomy
The preoperative evaluation includes liver ultrasound, a spiral computed tomography scan of the chest, abdomen, and pelvis, and bone scintigraphy. Local recurrence of the primary is excluded by colonoscopy. At the laparotomy for resection, the abdomen is carefully explored for any extrahepatic tumor deposit, with fresh-frozen biopsy of any suspicious lymph node. The objective of the first hepatectomy is to make the second hepatectomy potentially curative. The liver tumors are precisely mapped, using manual palpation and intraoperative ultrasound. Mapping permits the surgeon to achieve this by resecting the highest possible number of liver tumors (the majority of patients) or by clearing tumor tissue from the less-invaded hepatic lobe, leaving the other to be further resected after regeneration. During the firststage hepatectomy, a minimum amount of dissection is performed on the liver that will be dissected in the second stage. We avoid dividing the corresponding triangular ligament and the ipsilateral vascular structures to prevent further fibrous adhesions. Postoperative chemotherapy is given to control tumor growth, beginning 3 weeks after liver resection so that it does not interfere with initial liver regeneration. The same drug protocol is used as before surgery, except is the tumor has progressed or tumor markers have increased.Twelve patients received postoperative chemotherapy for a median of 4 courses (range 0 -11).
The timing of the second hepatectomy is selected as a function of liver regeneration, control of remnant liver tumor by chemotherapy, and the probability that the second hepatectomy can be curative. The same preoperative evaluation and laparotomy protocols are used as in the first stage, with the exception of a larger dissection of the rem- 
Adjuvant Procedures
As with other patients with initially irresectable disease, nonsurgical treatments were combined with chemotherapy to increase the feasibility of the two-stage hepatectomy. Cryosurgery was used in one patient for two liver metastases that were unlikely to be resectable at the second hepatectomy. Portal embolization of the liver to be resected was used in six patients in whom the extent of the expected second-stage resection exceeded 60% of the total parenchymal volume. 13 Portal embolization was also used before the first-stage hepatectomy in one patient.
Postoperative Follow-Up
Patients are followed up by serum tumor markers (carcinoembryonic antigen, CA 19 -9), liver ultrasound, and spiral computed tomography scans of the chest, abdomen, and pelvis at 3-month intervals. If the overall procedure has been complete, as confirmed by histology margins and return to normal levels of tumor markers, and there is no sign of tumor recurrence, chemotherapy is discontinued after eight courses. In case of a new recurrence, chemotherapy is restarted.
End Points
The end points of the study were feasibility of the procedure, perioperative rates of death and complications, tumor recurrence, and patient survival.
RESULTS
Feasibility
Of the 16 patients, 3 were ineligible for the second-stage resection because of disease progression after the first-stage hepatectomy. One patient developed multiple bilateral pulmonary metastases, one a cerebral metastasis, and in the third patient tumor progression in the remnant liver was identified at the second laparotomy. Both patients who developed extrahepatic metastases had a high initial number of hepatic lesions (8 and 15), but otherwise they were not obviously different.
In 8 of the 13 patients who completed the full two-stage procedure, the first-stage hepatectomy was a major resection (more than three segments) (Fig. 1) . No patient needed total liver vascular exclusion. Intermittent clamping of the vascular pedicle was used in six patients and intermittent hemihepatic vascular occlusion in three; no vascular clamping needed in four. The median duration of surgery was 393 minutes (range 145-615), the median units of blood transfused was 0 (range 0 -6), and median hospital stay was 13.5 days (range 10 -20) .
In terms of the tumor behavior between the two stages, remnant tumors were stable in 12 patients, with 1 with a partial response. However, tumor marker levels increased in four patients with stable disease, leading to changes in the chemotherapy regimen.
At the second hepatectomy, there were eight major resections (62%) (Fig. 1) . Total vascular exclusion was used in one patient, intermittent clamping of the hepatic pedicle in six, and intermittent hemihepatic vascular occlusion in two; vascular clamping was not needed in four patients. The median duration of surgery was 374 minutes (range 260 -570), the median number of units transfused was 6 (range 0 -12), and the median hospital stay was 15 days (range 9 -103).
Surgical Deaths
No patient died within 2 months of the first-stage hepatectomy, but two patients died after the second-stage hepatectomy. One died at 53 days from progressive liver and renal failure after a right hepatectomy, with reoperation at day 24 for a biliary leak. This patient had undergone resection of segment 3 and of the left part of segment 2 after 18 courses of chemotherapy and right portal embolization. The left branch of the portal vein was damaged during the second surgical procedure, necessitating massive blood transfusion (10 units), and was repaired with portal triad clamping for 27 minutes. In addition, during the right hepatectomy, intermittent portal triad clamping was needed for five sessions of 15 minutes each. A second patient died of progressive liver failure at 60 days. This patient had first undergone resection of parts of segments 3, 4, 6, 7, and 8. At a subsequent right portal embolization, there was an unintentional partial left portal embolization. The second stage was a central hepatectomy (trisegmentectomy 4, 5, and 8). The nontumor liver showed portal fibrosis with fatty infiltration, possibly related to prolonged chemotherapy.
Postoperative Complications
The first hepatectomy was uneventful in nine patients. In the other four, postoperative complications included two cases of transient leakage of ascites by the abdominal drain, one perihepatic fluid collection, and one case of anaphylactic shock related to amoxicillin.
The second hepatectomy was uneventful in six patients. In the other five, postoperative complications included two cases of transient leakage of ascites by the abdominal drain, two perihepatic collections that resolved spontaneously, and one occlusion of the small intestine requiring reoperation.
Patient Outcome
After a mean follow-up of 22 months (range 3-54), an isolated hepatic recurrence was observed in four patients. Of these four, one died at 3 months, and one was receiving chemotherapy and awaiting a third hepatic resection as of this writing. Two underwent a third hepatectomy: one was disease-free at 22 months, and the other had a new hepatic recurrence but was alive at 28 months. One patient had an isolated recurrence in the lung and underwent pulmonary resections 4, 30, and 37 months after the second hepatectomy. This patient was alive and disease-free 54 months after the procedure (Fig. 2) . In contrast, two patients with concomitant pulmonary metastases at the second hepatectomy died 2 and 8 months after the procedure.
Of two patients with combined hepatic and pulmonary recurrence, one underwent a third liver resection but died at 31 months, and the other was receiving chemotherapy 25 months after the second-stage procedure. Overall, 4 of the 13 patients were disease-free at 7 (Fig. 3) , 22, 36, and 54 months after the second-stage procedure, 3 (23%) were alive with recurrence (one pulmonary, one hepatic, and one both pulmonary and hepatic), and six (46%) had died. The 3-year survival rate after the two-stage hepatectomy was 35% (Fig. 4) , with median survivals of 31 months from the second hepatectomy and 44 months from the time of diagnosis of the metastases. The three patients who could not undergo the second hepatectomy died at 6, 8, and 14 months after the first liver resection.
DISCUSSION
Although liver resection is usually contraindicated if not all the tumors can be completely resected, 14 we postulated that a hepatectomy that leaves some tumor tissue in place could be justified if a second liver resection could resect the remnant tumors. This approach was briefly mentioned in our report on downstaging of colorectal metastases by neoadjuvant chemotherapy 11 but has not previously been described. The term "two-stage liver surgery" has been used recently but refers to a single hepatic resection after portal branch transection and transarterial neoadjuvant immunochemotherapy. 16 The risk/benefit assessment in two-stage hepatectomy Two-Stage Hepatectomy must take into account both the potential for tumor growth after the first hepatectomy and the real survival benefit to patients with a poor prognosis as a result of widespread liver tumors. This series of 13 consecutive patients shows that multiple liver tumors can be cleared and that the usual poor prognosis of some patients with initially irresectable disease can be improved, particularly in those with multinodular metastases in the absence of extrahepatic tumor. To be eligible, their tumors had to be stabilized or downstaged by systemic chemotherapy. Accordingly, with one exception, patients considered for two-stage hepatectomy were treated initially by systemic chemotherapy. Patients with tumor progression were not eligible. Chemotherapy was continued after each hepatectomy; this was because the growth factors involved in the hypertrophy of the remnant liver induced by the first resection can also boost the growth of the tumor tissue left in place. This phenomenon has been described after liver resection [17] [18] [19] and after portal embolization 20 and might be amplified by repeat surgeries. 21 Nevertheless, because regeneration is essential to the feasibility of the second-stage resection, an interval of 3 weeks was observed after each hepatectomy to minimize the inhibition of antitumor drugs on liver regeneration. 22, 23 Tumor progression after the first-stage resection was extrahepatic in two pa- tients and in the remnant liver in a third, so that the feasibility of the procedure was 81%.
The poor natural prognosis of the patients considered for two-stage hepatectomy was confirmed by the outcomes of the three patients who did not complete the second procedure: they died 6 to 14 months after the first hepatectomy. This is in agreement with the results of previous reports on patients with irresectable disease, with a 5-year survival rate of only 0% to 1%. 3, 14 In contrast, those who underwent the two-stage hepatectomy had a 3-year survival rate of 35% and a median survival of 31 months from the second hepatectomy. The median survival reached 44 months from the time of diagnosis of metastases, compared with the 15-to 18-month median survival observed with the single use of recent effective chemotherapy regimens. 8 -10 This study suggests that patient selection is critical. The two patients who underwent two-stage hepatectomy but had pulmonary resectable metastases at the time of the second hepatic resection both died within 8 months, whereas sequential hepatic and pulmonary resections are currently proposed for patients with primarily resectable metastases in both locations. [23] [24] [25] One of the three patients who did not complete the procedure also developed bilateral pulmonary metastases and died within 8 months. Therefore, the presence of extrahepatic tumor, even resectable, seems to reduce the probability of survival benefit from two-stage hepatectomy.
Despite complete macroscopic resection, tumor recurred in 7 of the 13 patients, a rate similar to that observed after one-stage hepatectomies. 26 Hepatic recurrence was observed in six patients at a mean interval of 8 months after the second-stage hepatectomy. When tumor recurs after a conventional curative resection, our policy is to perform a new resection if it could be curative. 27 Of the three patients who underwent a third liver resection, one was free of disease 11 months after this repeat hepatectomy. Of the three patients who developed metachronous pulmonary metastases, one underwent repeat pulmonary resections, leading to a 54-month remission. Overall, four patients were disease-free (31%) as of this writing.
The 15% perioperative death rate of the two-stage hepatectomy strategy to clear the tumor was higher than the 1% observed in patients undergoing primary resection during the same period (data not shown). These deaths were mainly technique-related, although repeat liver resection per se may not be the reason, because the death rate of rehepatectomies is similar to that of first resections. [27] [28] [29] [30] [31] [32] The higher death rate in these patients might have resulted from their diminished tolerance of perioperative complications as a consequence of their severe tumor disease or the deleterious effects of prolonged chemotherapy on the liver, 33, 34 combined with the effects of adjuvant procedures to facilitate liver resection. Of the 13 patients who completed the program, 7 had undergone portal embolization and 1 had undergone cryosurgery, and all but 1 had received one to three types of neoadjuvant chemotherapy. The complications were most likely to be those of an aggressive multidisciplinary approach than those of two sequential hepatectomies.
The patients who underwent a two-stage hepatectomy represent only a small proportion of patients with irresectable liver metastases, amounting to 5% of first hepatectomies and 15% of second hepatic resections in the same period, and increased the rate of resection in referred patients to 54%. Further, this strategy has been systematically considered only in recent years, growing from 2% of first hepatic resections in the first 2 years of the study to 7% in the last 2 years. The emergence of more active chemotherapy treatments and of efficient techniques of in situ tumor destruction (cryotherapy, radiofrequency) can facilitate this two-stage strategy by better controlling the tumor process. Also, the program can be initiated at the time of colectomy when synchronous liver metastases preclude a single curative hepatectomy. An attempt to clear one hemiliver by a limited resection during the colectomy and to reserve the major hepatectomy for the second stage is a new strategy that may shorten the conventional one. This is in agreement with the current consensus for avoiding large hepatic resections at the time of colectomy. 35 Two-stage hepatectomy is a surgical modality intended for patients with primarily irresectable metastases. It is part of a multidisciplinary approach that can offer a chance of long-term remission to patients otherwise guaranteed of having a poor outcome.
Discussion
PROF. M. BÜ CHLER (Bern, Switzerland): If we go through your numbers, you showed that you start with more than 600 patients and you end up with four patients that are so-called disease-free after 3 years, which is less than 1% of your original population. My question concerns the selection. Certainly in rare patients you can apply this aggressive kind of treatment and you will have some benefit, so what we need to know is how to make the right selection for these patients. In the end, we have four patients who are disease-free after 3 years, but at a high price: nearly everyone had morbidity, and there is also a considerable mortality. In the future, what do you think will be the criteria for selection of patients? Are there some patients who get definite advantages from this procedure? I would estimate that specific localization of the multiple metastases is the clue to the answer-namely, some on the right side and some on the left side, which, from the original intention, you might be able to resect at a second step.
PROF. R. ADAM (Villejuif, France): You point out two critical issues: the patient selection and the benefit of the procedure. With respect to the first point, we address the procedure to patients with multinodular bilobar tumors, irresectable by a single hepatectomy, stabilized or downstaged by neoadjuvant chemotherapy, and amenable to a radical resection by two sequential hepatectomies. We excluded the patients in whom a single resection combined with an ablative technique could achieve radicality. This explains why the selection process was so restrictive, representing 5% of patients undergoing a first resection and 12% of patients undergoing a second resection in the same period. However, patients in whom the procedure is indicated have been increasing more recently, from 2% of primary resections in the first 2 years to 7% in the last 2 years of the study period.
With respect to the real benefit of the procedure, we should keep in mind that this series represents a subset of patients with very aggressive disease, as indicated by the fact that five of the 13 patients required two or three types of chemotherapy to achieve tumor stabilization before resection. These patients are usually destined to a very poor outcome, as confirmed by the rapid death of the three patients who could not have the second hepatectomy. To observe that four of these patients have long-term remission is promising, even if the proportion is small. PROF. M. MALAGO (Essen, Germany): We have a similar problem in Essen. Did you find positive lymph nodes in these large tumors, and did they stop you? In Essen, they do not stop us. Did you try to block the tumor in the contralateral lobe instead of leaving it? We are presently using either chemoembolization or radiotherapy to block the potential growth in the contralateral lobe. Lastly, did you compare this to other one-step procedures-for example, ex vivo liver resection? We do not do ex situ liver resections anymore, but the alternative in these patients sometimes is to do an ex situ liver resection procedure and take the tumor out at once. PROF. ADAM: No patient of this series has lymph node involvement. In the other patients, our policy is to perform liver resection with lymphadenectomy when the hepatectomy is possible without a high risk. With respect to the blockage of tumor progression following the first hepatectomy, we have used only chemotherapy. We do not use chemoembolization or radiotherapy for metastatic disease. As far as comparison with ex situ liver resection is concerned, we think that the latter technique is mainly used as a single procedure for ill-located, large tumors rather than for multinodular irresectable disease. It seems to me that the two techniques concern different patients.
PROF. D. CHERQUI (Créteil, France): In this series, you presented two types of lesions. Some patients had one large lesion on each lobe of the liver, allowing two sequential resections. Other patients had numerous bilateral nodules, and you mentioned one with 17 metastases. In the latter, you resected all lesions in two steps. I would like to know which technique you used to remove so many nodules while preserving intrahepatic pedicles, and also what size margins you obtained at the periphery of the lesions.
PROF. ADAM: We usually try to make a partial resection with a margin of 1 cm, but for the patient with 17 nodules, the margin was much more restricted. We have assumed that to make a resection in this type of patient, even a margin of 2 to 3 mm will provide better results than not to make any resection at all. PROF. J. BELGHITI (Clichy, France): This is an interesting strategy for patients with bilobar tumors. My first question is, in what percentage of patients with bilobar tumors can you plan this two-stage strategy? Secondly, I was very impressed by the morbidity and mortality rate of your patients, especially after the second stage. This is not our experience of 17 cases. Probably it is because we adopt a different strategy with clearance of the left liver tumor together with ligation of the right portal vein during the first stage. Then we perform a right hepatectomy during the second stage, which is conducted through a different approach. Since reoperation after a right hepatectomy is difficult, do you think that performing a right resection during the first stage can explain the higher risk?
PROF. ADAM (Closing Discussion): The proportion of patients with bilobar tumors previously considered as irresectable and submitted to the two-stage procedure was 27%. This proportion would be lower if all patients with bilobar tumors were included. However, when the hepatectomy did not exceed 70% of the total parenchyma, many of them were indeed resected by a single procedure.
With respect to the morbidity and mortality of our series, both result from the combined effects of prolonged chemotherapy and more technically demanding procedures. These are patients with very aggressive tumor disease who are unable to tolerate a severe complication. Your suggestion concerning the performance first of the left side to avoid the assumed higher risk of repeat resections after right hepatectomies is interesting. However, our policy has been to privilege the clearance of as much liver tumor as possible at the first stage, whichever hemiliver, to avoid dramatic tumor growth between the two hepatectomies. It is therefore difficult to say in advance which type of resection should be performed. Going further into the details of the first liver resection in our series, a pure right hepatectomy was performed in only two patients, a pure left resection in six, and combined partial left and right resection in five patients. The two patients who died in the postoperative course had had a pure left and a mixed right and left partial hepatectomy. Therefore, the risk of the procedure seems more related to the condition of the patient than to the side of the first hepatectomy. 
